Two anaerobic sludges previously loaded with oleate and palmitate accumulated 4570 ± 257 and 5200 ± 9 mgCOD-LCFA gVSS À1 , respectively. These sludges were incubated in batch assays and methane production was recorded after addition of 100-900 mg L À1 of oleate and palmitate, respectively. The batch assays were conducted before and after allowing the depletion of the biomass-associated LCFA. The presence of biomass-associated LCFA decreased the capacity of both sludges to convert the added LCFA to methane. After the degradation of biomass-associated LCFA, the lag phases observed before the onset of methane production were significantly reduced, evidencing an increase in the tolerance of the acetotrophic methanogens to the presence of LCFA. In another experiment, three recurrent pulses were performed with a real dairy wastewater containing 3.6 gCOD L À1 , from which 53% was fat. Methane yields of 0.45 ± 0.01, 0.88 ± 0.02 and 1.29 ± 0.08 gCOD-CH 4 gCOD À1 fed were achieved in the first, second and third pulses, respectively, evidencing an increasing capacity of the sludge to convert substrate accumulated in previous additions.
Introduction
Lipids are a group of organic pollutants whose conversion into biogas has been considered very difficult. Characterized either as fats or oils and greases, the lipids are one of the major components of organic matter in wastes and wastewaters such as those coming from food processing industries, slaughterhouses, dairy industries and fat refineries (Li et al., 2002) . These compounds are glycerol bonded to LCFA, alcohols, and other groups by an ester or ether linkage. Triacylglycerides, also called neutral fats, are the most abundant family of lipids and are hydrolyzed by extracellular lipases to yield glycerol and LCFA. Glycerol is further degraded via acidogenesis while LCFA are degraded to acetate, H 2 and CO 2 through the b-oxidation process (syntrophic acetogenesis) (Stryer, 1995) . Theoretically 1.01 L of methane at standard temperature and pressure (STP) can be produced from for instance 1 g of oleate (unsaturated LCFA, C18:1), whereas only 0.37 L can be produced from 1 g of glucose. Therefore, wastes or wastewaters with a high lipid-content represent an attractive source for methane production (Kim et al., 2004) . This potential is however limited due to operational problems. Diverse technologies applied to the anaerobic treatment of oily effluents are reported in the literature, but information available is not always complete (Table  1) . For instance, the methane yield and effluent VSS are most of times omitted. It can be observed that these systems do not always accomplish a desirable performance in terms of COD conversion to methane, and reports of reactors' failure are quite frequent. In this way, the treatment of these types of wastewaters is still a challenge, continuously driven by emergent practical and fundamental knowledge (Sousa, 2007) .
One of the most reported problems of high rate anaerobic reactor technology such as the upflow anaerobic sludge blanket (UASB) or the expanded granular sludge bed (EGSB) reactors, is the adsorption of LCFA that induces sludge disintegration, flotation and washout (Amaral et al., 2004) . Also transport limitation phenomena, caused by LCFA accumulation onto the sludge, were found to have an important contribution to the observed lag phases preceding methane production, generally reported to be ascribed to mechanisms of cell wall damage or to long term acclimation (Pereira et al., 2005) . It was found that the observed temporary decrease in the methanogenic activity after the contact with LCFA is a reversible phenomenon, being eliminated after the conversion to methane of the biomass-associated LCFA (Pereira et al., 2002a (Pereira et al., , 2005 , suggesting that sequencing accumulation/degradation steps could promote a sustainable biogas production from LCFA.
Recently, Nielsen and Ahring (2006) also showed that the addition of oleate pulses to thermophilic reactors treating mixtures of cattle and pig manure had a stimulating effect on the overall process. Successful co-digestion of different types of waste with lipids, added in a discontinuous way, is a common practice in many full scale biogas plants. However, this addition is usually made empirically, causing, in some cases process failure. The dynamics of the LCFA accumulation, the maximum amount of lipids that can be added and the frequency of additions are some aspects that require further study.
In this work some further insights on the role of LCFA accumulation onto the sludge in the methane production course are presented. Two sets of experiments were designed. In experiment I, two sludges loaded with LCFA, obtained after prolonged contact with oleate or palmitate, were used to asses the effect of allowing the depletion of the biomass-associated LCFA prior to a new LCFA pulse, in terms of methane production and LCFA effect towards the acetotrophic methanogens. Palmitate (C16:0) and oleate (C18:1) where used as LCFA models, since they are respectively the most abundant saturated and unsaturated LCFA present in waste/wastewater (Viswanathan et al., 1962; Hanaki et al., 1981; Quéméneur and Marty, 1994) .
In experiment II, anaerobic bioconversion to methane of a fat-rich dairy wastewater, using repeated pulse feeding, was assessed in batch assays. Table 2 summarises the conditions used in the two experiments.
Methods
2.1. Experiment I: LCFA biodegradation capacity and effect of LCFA towards the aceticlastic methanogens 2.1.1. Sludge source Suspended sludge containing biomass-associated LCFA, was obtained after continuous load with oleate (sludge 1) or palmitate (sludge 2) in two 1 L expanded granular sludge bed (EGSB) reactors seeded with the same inoculum, as described elsewhere (Pereira et al., 2005) . When incubated in batch assays both sludges were able to produce methane exclusively from the biomass-associ- ated LCFA and the maximum plateau achieved in the cumulative methane production curves was considered an indirect measurement of the amount of accumulated LCFA. Specific LCFA contents of 4570 ± 257 and of 5200 ± 9 mg COD gVSS À1 were found to be present in sludges 1 and 2, respectively (Pereira et al., 2005) . Palmitic acid was the main LCFA accumulated onto both sludges, representing 83% of the total LCFA present in sludge 1 and the totality of the LCFA present in sludge 2 (Pereira et al., 2005) .
LCFA biodegradation assays
The LCFA biodegradation capacity of the sludge before and after degrading the biomass-associated LCFA was compared by performing parallel assays. After it had been washed with anaerobic basal medium and centrifuged twice, the sludge was incubated in 25 mL vials (12.5 mL working volume, VSS content around 5 gL À1 ), at 37°C, 150 rpm, under strict anaerobic conditions. The basal medium used, made up with demineralized water, was composed of cysteine-HCl (0.5 g L À1 ) and sodium bicarbonate (3 g L À1 ), the pH was adjusted to 7.0-7.2 with NaOH 8N and was prepared under strict anaerobic conditions. No calcium or trace-nutrients were added. Two sets of vials were separated for parallel assays. In the first set, oleate (for sludge 1) or palmitate (for sludge 2) was added to the vials at concentrations ranging from 100 to 900 mg L À1 . Composition of the accumulated biogas was assessed periodically as described in Section 2.2.4, and methane production was determined. In the other set of vials, no substrate was added, but the degradation of the biomass-associated LCFA was followed until methane production ceased. These vials were then depressurized, vented with N 2 / CO 2 (80:20 vol/vol), and the capacity of the sludge to degrade the added individual LCFA (oleate for sludge 1 and palmitate for sludge 2, in the same concentration as before) was measured, as described for the first set of vials. All batch tests were performed in duplicate assays. Methane production values were corrected for standard temperature and pressure conditions (STP) and expressed as mg COD-CH 4 .
Toxicity tests
In the toxicity tests, oleate (for sludge 1) and palmitate (for sludge 2) were the potential individual toxicants at concentrations ranging from 100 to 900 mg L À1 . Acetate (30 mM) was added, in order to select for the aceticlastic trophic group. The choice of this trophic group for the toxicity studies was based on its generalized higher susceptibility to adverse conditions (Yang and Speece, 1986) and its important metabolic role on the anaerobic digestion process (Gujer and Zehnder, 1983) . The individual LCFA concentration that caused a 50% relative methanogenic aceticlastic activity loss was defined as the toxicity index (IC 50 ). The specific methanogenic activity was calculated from the initial slope of the recorded methane production curve. The ''toxicity'' assessed by this test can also include physical effect of transport limitations as suggested previously (Pereira et al., 2005) .
Experiment II: repeated pulse feeding of a dairy wastewater in batch assays

Sludge source
The inoculum used in this experiment was composed of non granular anaerobic sludge, previously acclimated to oleate. Biomass acclimation was performed in a sequencing batch reactor fed with a mixture of skim milk and commercial sodium oleate (50:50 in terms of COD), with total concentration increasing from 2 to 40 g COD L À1 . At this last concentration, skim milk was gradually replaced by sodium oleate, and in the last period this LCFA was the only carbon source fed. Before the batch experiments, this sludge was degassed in order to eliminate the accumulated substrate. For that, biogas production was recorded until an insignificant production was detected.
Substrate
The substrate was a real dairy wastewater collected in a small milk processing industrial unit. Total COD was 3.6 g L À1 , from which 53% corresponded to fat. A COD/ VSS ratio of 1.2 g COD gVSS À1 was applied based on the optimum specific LCFA load (that allows a maximum Real dairy effluent with 3.6 g COD L À1 , from which 53% was fat Three repeated pulses of substrate at a specific load of 1 g COD gVSS
À1
a Accumulation of LCFA by mechanisms of adsorption, precipitation and entrapment. This residual substrate was not removed after two consecutive washings with anaerobic buffer. methane production rate) previously determined by Pereira et al. (2004) .
Batch experiments
Experiments were conducted in three sets of vials of 70 mL prepared with 3 gVSS L À1 of anaerobic sludge and basal medium, similar to the ones previously described for the LCFA biodegradation assays. In each set, two vials were prepared per sampling point for a total of 5 time intervals. In parallel, two vials were set up to measure the biogas production during all the experiment and two others as blank controls for the different pulses. The vials were incubated at 37°C, 150 rpm and strict anaerobic conditions were maintained. Three successive pulses of the dairy wastewater were added on day 0, 39 and 81. Each new pulse was added when biogas production from the previous fed stopped. At the different time intervals, two of the vials were sacrificed and the respective content was analyzed for soluble COD and VFA. In parallel the methane production was recorded. Methane production values were corrected for the standard temperature and pressure conditions (STP) and expressed as mg COD-CH 4 . Background methane production due to residual substrate was recorded but was irrelevant.
Analytical methods
Chemical oxygen demand (COD) was determined according to the APHA et al. (1989) . The fractions of COD accumulated onto the sludge and converted to methane were calculated according to Petruy and Lettinga (1997) . VFA were determined by HPLC (Jasco, Japan) using a Chrompack column (6.5 · 30 mm); the mobile phase was sulfuric acid (0.01 N) at a flow rate of 0.7 mL min À1 . The column temperature was set at 60°C and the detection was made spectrophotometrically at a wavelength of 210 nm. The methane content of the accumulated biogas was periodically measured by a Pye Unicam GCD gas chromatograph (Cambridge, England) using a Porapack Q (100-180 mesh) column. Helium was used as carrier gas (30 mL min À1 ) and the temperatures of injection port, column and flame ionization detector were 110, 35 and 110°C, respectively.
Results and discussion
3.1. Experiment I: LCFA biodegradation capacity and LCFA effect towards the aceticlastic methanogens Fig. 1 presents the methane production curves obtained during oleate biodegradation batch experiments exhibited by sludge 1 (fed with oleate), when oleate was added before and after allowing the degradation of the biomass-associated LCFA. It was found that when the biomass-associated LCFA was allowed to be firstly degraded (open circles, Fig. 1 ), methane production started after 500 h and total conversion to methane was achieved in the following 400 h (900 h in total). Subsequent added oleate, in concentrations from 100 to 900 mg L À1 , was converted to methane in up to 550 h. Conversely, when oleate concentrations between 100 and 900 mg L À1 were added to the sludge containing biomass-associated LCFA (full circles, Fig. 1 ), an increasing delay on initial methane production up to 1000 h was observed. For the highest oleate concentration tested, i.e. 900 mg L À1 , conversion to methane of the biomass-associated LCFA and subsequent added oleate was achieved in about 1450 h (open circles, Fig. 1e ), whereas no methane was produced during this period of time when oleate was added to the sludge containing biomass-associated LCFA (full circles, Fig. 1e) . The results obtained therefore evidence that methane production is significantly enhanced by first allowing the degradation of the biomass-associated LCFA. In these experiments, a considerable lag phase (500 h) was found to precede the initial methane production from the degradation of the biomass-associated LCFA, however, this fact can be overcome when avoiding excessive accumulation of LCFA into the sludge and, thus, the time required for degradation lowered. The kinetics of mineralization of the LCFA associated to the sludge was previously established and a specific content of about 1000 mg COD-LCFA gVSS À1 was found to be the optimal for an efficient methane production rate and no lag phase observed . The sludge used in this experiment represents a situation of severe LCFA load, contained a specific LCFA content associated to the biomass 4 fold higher (4570 ± 257 mg COD gVSS À1 ) than the determined optimum value. Fig. 2 presents the methane production curves obtained during palmitate biodegradation batch experiments exhibited by sludge 2 (fed with palmitate), when palmitate was added before and after allowing the degradation of the biomass-associated LCFA. As for sludge 1, also the results obtained for sludge 2 evidenced the advantage of allowing the degradation of the LCFA accumulated onto the sludge, prior to a new LCFA addition. A similar effect to that previously observed when the added substrate was oleate, i.e. an increasing delay on initial methane production, was found when adding palmitate concentrations between 100 and 900 mg L À1 to the sludge containing biomass-associated LCFA (full circles, Fig. 2) , although less pronounced. The biomass-associated LCFA in sludge 2 was palmitate, which accumulated onto the sludge during the previous continuous feeding with this LCFA, in EGSB reactor. Thus, the observed decreased on methane production caused by the addition of palmitate to sludge 2 presents the effect of adding palmitate on the conversion to methane of the biomass-associated palmitate. In sludge 1, palmitate represented 83% of the total biomass-associated LCFA that accumulated onto the sludge during the previous continuous feeding with oleate, in EGSB reactor (Pereira et al., 2005) , and therefore, the results obtained with this sludge (Fig. 1) conversion to methane of the biomass-associated LCFA, mainly palmitate. On the other hand, it was observed that the way of LCFA accumulation was different in the two sludges. In sludge 1, the biomass-associated LCFA were mainly adsorbed and entrapped in the sludge that became ''encapsulated'' by a LCFA layer, whereas in sludge 2 were mainly aggregated in white precipitate-like spots in between the sludge, which remained ''non-encapsulated''. Hence, besides the potential inhibitory effect caused by the added LCFA, it is reasonable to expect that, in sludge 1, the biomass-associated LCFA can create a physical barrier and hinder the transfer of substrates and products (e.g. biogas release), inducing a delay on the initial methane production. In sludge 2, the accumulated LCFA was in a loosely association with the cells (''non-encapsulated''), and thus mass transfer limitations are not expected to occur in a similar extent as in sludge 1.
The different degree of intimate LCFA contact with the biomass is also, likely, related to the difference observed, in terms of initial methane production, in the assays where the biomass-associated LCFA was first let to degrade before a new LCFA addition (open circles curves). For sludge 2, no lag phases were observed preceding the initial methane production during the LCFA degradation, biomass-associated and subsequently added (Fig. 2) , whereas for sludge 1 a lag phase of about 500 h was observed before the onset of methane production from the degradation of the biomass-associated LCFA (when the sludge was ''encapsulated'') and up to 200 h from the afterwards added oleate concentrations (Fig. 1) . In sludge 1, after depletion of the biomass-associated LCFA, the transport limitation effects caused by the accumulated LCFA can be eliminated, however, sludge microstructure where filaments form an interlinking grid is now ''free'' to further accumulate the added LCFA, which may induce once more delays on the measured initial methane production (lag phases).
The time course of methane production when acetate and increasing oleate/palmitate concentrations were added to both sludges before and after the degradation of the accumulated LCFA was assessed. This type of assay is usually performed to assess the tolerance of the acetoclastic trophic group to the presence of a given compound that can exert any type of inhibition. When a biodegradable compound is to be assessed, the data interpretation should be careful. Fig. 3 presents the long-term methane production curves exhibited by sludge 1 during oleate toxicity tests. As shown in Fig. 3a , no initial methane production was observed in the assay performed with the sludge containing biomassassociated LCFA. Only in the blank controls (no added substrate), that corresponded to the degradation of the biomass-associated LCFA, methane was produced after a lag phase of about 500 h, as previously observed in the biodegradation assays (Fig. 1) . After degradation of the biomassassociated LCFA (Fig. 3b) , methane production due to the degradation of acetate (control) proceeded immediately and the maximum delay on methane production obtained was of about 80 h, when 900 mg L À1 of oleate was added. Usually the negative effect of a potential toxic compound is expressed as IC 50 values, defined as the concentration that causes a 50% relative activity loss. Before degrading the biomass-associated LCFA, sludge 1 exhibited no initial methanogenic activity with acetate (control) and, therefore, the toxicity index (IC 50 ) could not be determined. After depletion of the biomass-associated LCFA, the sludge exhibited a toxicity index (IC 50 ) to oleate of 80 ± 10 mg L À1 . A similar IC 50 value, i.e. 70 ± 10 mg L À1 , was previously exhibited by the sludge used as inoculum in the pre-contact with oleate/palmitate in the EGSB reactors (Pereira et al., 2005) . This suggests that aceticlastic tolerance to oleate was not significantly affected by the intensive and intimate contact with LCFA. Fig. 4 presents the long-term methane production curves exhibited by sludge 2 (feed with palmitate) during palmitate toxicity tests. This sludge was able to exhibit a considerable initial methane production rate in the control vials, where acetate was added to the sludge containing biomassassociated LCFA (Fig. 4a) . However, the presence of acetate (control) was found to induce a delay on the conversion to methane of the biomass-associated LCFA (blank). Furthermore, the initial methane production rate, under these conditions (acetate + biomass-associated LCFA), decreased consistently by increasing the added palmitate concentrations. Since the specific methanogenic activity values are, by definition, obtained after discounting the background methane production measured in the blank controls, which correspond to the degradation of the biomass-associated LCFA, the delay caused by the presence of acetate will, thus, result in a null aceticlastic activity value. Consequently, palmitate toxicity index (IC 50 ) towards the aceticlastic consortium could not be determined in this case. After degradation of the biomass-associated LCFA, no aceticlastic inhibition was observed in the range of palmitate concentrations tested (Fig. 4b) . The methane production curves clearly evidence that the presence of palmitate had no interference on acetate degradation rate, which was preferentially uptake by the consortium. A similar behavior had been show by the sludge before being continuously loaded with palmitate, i.e. the inoculum (Pereira et al., 2005) . These results, therefore, evidence that, as found for the sludge 1, for the sludge 2 it is advantageous to allow the degradation of the accumulated LCFA, since, afterwards, the performance of the acetoclastic trophic group is less affected by the presence of LCFA.
The results presented herein evidence the advantages of promoting the degradation of the biomass-associated LCFA, prior to a new LCFA addition, suggesting that a sequence of loading/degradation steps is appropriate to enhance methane production from wastewaters containing these compounds.
Dairy industry produces different products generating wastewaters that differ much in terms of organic strength, to which, besides fats (35-500 mg L À1 ), lactose (250-930 mg L À1 ) and proteins (210-560 mg L À1 ) are primary contributors (Lalman et al., 2004) . Oleate and palmitate are the major LCFA present in whole milk processing wastewaters (Hanaki et al., 1981) , and thus expected in most dairy wastewaters. Therefore, the anaerobic treatment of a real dairy wastewater rich in fat, through successive pulse feeding, was further assessed.
Experiment II: repeated pulse feeding of a dairy effluent in batch assays
Anaerobic bioconversion to methane of repeated pulses of a dairy wastewater was studied in batch assays. Soluble COD, VFA and methane production were followed along time, after each pulse, and the data obtained are presented in Fig. 5 . Soluble COD removal efficiency achieved after each pulse was always higher than 90% and its rate improved in each new pulse (Fig. 5b) . However, it is clear that in the first pulse most of the COD was not converted to methane. Indeed, the cumulative methane production (expressed as equivalent COD per liter) after the first pulse was much lower than the initial COD fed (Fig. 5a ). This fact points out that the substrate probably accumulated onto the sludge, by mechanisms of adsorption, precipitation or entrapment. After the second pulse the maximum cumulative methane production was much more consistent with the initial COD fed and in the third pulse was even higher (Fig. 5a) , indicating an efficient conversion to methane of the substrate previously accumulated.
No lag phases were observed, but, after the first pulse the cumulative methane production curve exhibited a diauxic behavior (Fig. 5a ), which can be related to the fact that a complex wastewater was fed. It is expected a faster degradation of more easily biodegradable substances, followed by the conversion to methane of a more difficult fraction likely the LCFA. This behavior was not observed after the second and third pulses, which suggests that the anaerobic consortium adapted to the new feed during the first pulse and was capable of its whole conversion to methane without diauxic behavior.
The VFA levels were also significantly different after the first pulse and after the subsequent ones (Fig. 5c) . Acetate, that was detected in concentrations up to 600 mg COD L À1 after the first pulse, did not appear in concentrations higher than 100 mg COD L À1 in the second one and was consistently below in the third one. Fig. 6 presents the fractions of adsorbed (or precipitated/entrapped) COD and methane-COD. As previously stated by other authors (Hanaki et al., 1981; Petruy and Lettinga, 1997) , adsorption is a very fast process, as suggested by the low soluble COD values observed during the first day after each pulse (Fig. 5a ). After adsorption, a significant increase in the methane production was observed, more evidenced after the second and third pulses than in the first one. Again it is possible to notice that in the third pulse some of the methane produced resulted from the degradation of substrate accumulated onto the biomass in the previous feeds, leading to a fraction of COD converted to methane higher than 100%. A methane yield of 0.45 ± 0.01, 0.88 ± 0.02 and 1.29 ± 0.08 g COD-CH 4 g COD fed À1 was achieved in the first, second and third pulses, respectively.
These results show that anaerobic treatment of a fat rich dairy wastewater is enhanced when repeated pulse feeding is applied. By allowing the substrate to accumulate onto the sludge and be further degraded before subsequent substrate addition, advantage can be taken from the capacity of the anaerobic sludge to fast adsorb LCFA (as well as to accumulate LCFA precipitates or to entrap in the sludge structure) and convert the accumulated LCFA to methane, increasing the obtained methane yield. Furthermore, excessive accumulation of LCFA into the sludge can be prevented and, thus, associated metabolic and physical effects that are behind the decrease on the methane production course during the anaerobic degradation process can be minimized. Considering the present assay, it should be referred that around 38% of the total substrate added cumulatively to the vials was not converted to methane. This points out the need for further studies involving more pulses in order to assess the optimal strategy concerning the duration and frequency of substrate pulse additions.
When applying high rate anaerobic reactors to treat wastewaters with a high content of lipids/LCFA, the obtained methane yields are generally low, drastically decreasing throughout the operation time. For instance, when a mixture of long chain fatty acids (82% (w/w) oleate and 18% palmitate) was fed as sole carbon and energy source to an EGSB reactor, methane conversion ratios attained extremely low values, between 7% and 15% (Hwu et al., 1998) . Studying the biodegradability of a milk-fat emulsion in a lab-scale EGSB reactor, Petruy and Lettinga (1997) reported that a significant fraction of COD fed was eliminated from the liquid medium by adsorption onto the granular sludge, but it was not biodegraded, since the methanogenesis reached only 22% of COD fed. Pereira et al. (2002b) operated an EGSB reactor and an anaerobic filter (AF) with an oleic acid-based synthetic effluent. Organic loading rates of 8 and 12 g COD L À1 day À1 of oleate as the sole carbon source were achieved in the EGSB and AF, respectively, with good COD removal efficiencies (around 80% and 70%, respectively), but the methane yield decreased from 280 to 27 L CH 4 kg COD removed À1 in the EGSB and from 362 to 91 L CH 4 kg COD removed À1 in the AF. Furthermore, in recent studies performed by Jeganathan et al. (2006) , using upflow anaerobic sludge blanket (UASB) reactors to treat a complex oily wastewater from a food industry, it was reported that although approximately 75% of COD was degraded (which corresponded to the observed biogas yield) for an organic loading rate (OLR) of about 2.5 kg COD m À3 day À1 , system performance deteriorated sharply at higher loading rates. An increase in loading to 5 kg COD m À3 day À1 caused fat, oil, and grease (FOG) accumulation in sludge and increase in foam production which reduced degradation to 40-50%. These authors also reported that accumulation of FOG in the biomass was the critical parameter governing the high-rate anaerobic reactor performance and further suggest the need for periodic reseeding of anaerobic reactor systems treating oily wastes, since the loss of sludge in the bed, due to washout, increased the FOG loading to the biomass and failure occurrence. Sludge flotation and washout due to lipids/LCFA accumulation, are known common problems encountered when using continuous load systems to treat this kind of wastewaters (Sam-Soon et al., 1991; Hawkes et al., 1995; Hwu, 1997; Pereira et al., 2002b) , which can be overcome when excessive accumulation of LCFA into the sludge is prevented by allowing the substrate accumulated onto the sludge to be degraded before subsequence substrate addition, i.e. using pulse feeding. In the present work, the improving performance observed in the recurrent pulses clearly suggests that further research is needed to assess the optimal feeding strategy, being eventually possible that after a start-up in pulses a continuous load may be applied achieving a high methane yield at a high rate.
Conclusions
When treating anaerobically LCFA based effluents, it is advantageous to apply pulses of substrate, promoting the accumulation of LCFA into the biomass and allowing them to be biodegraded afterwards. LCFA loading/degradation process increased the tolerance of the acetotrophic methanogens to LCFA effect, by reducing significantly the lag phases observed before the onset of methane production. This fact was reinforced when three repeated pulses of a real dairy wastewater rich in fat were conducted in batch assays. COD removal efficiency and maximum cumulative methane production improved in each new pulse, and the VFA levels decreased significantly. The improving performance observed in the recurrent pulses clearly suggests that further research is needed to assess the optimal feeding strategy, being eventually possible that after a pulsed or discontinuous start-up a continuous load of LCFA based effluents may be applied, achieving a high methane yield at a high rate, under steady-state conditions. 
